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1 
This invention relates fo novel compositions of 
marrer and to novel methods as wetl as fo steps 
in said metheds for producing them.. More par- 
ticularly this invention s direeted fo novel prod- 
ucts and to methods Ïor produeing them wih 
partially hydrognated reaction products as 
starting mateïia!s. Whe organic reaction prod- 
ucts before hydrogenation are produced by react- 
ing under alkaline conE-itions, f.urfuraidehyle ad 
a ketone. The ¢lass of ketones whieh are em- 
ployed to provide said sta-rtin .materials are 
those having af teast.two hyd'ogen atoms on*an 
alpha carbon, such as acetone, diacetone alcohol, 
methyl ethyl ketone, acetonyl acetone, cyclohex- 
anone, mesityl oxide, etc. 
The first sfep in the preparation òf the 
ing maçerials is to provide the anhydrogenated 
fonction products. This may be done by reaet- 
ing under alkaline cond.itions furfuraldehTde with 
one or a combination of two or more Of said 
ketones. For this purpose the furfuraldehyde 
and ketone are mixed with each other and then 
thereto is added a quantity of an alkaline mate- 
rial uch as an aqueous solution of sooeum 
droxfe, potassium hydroxide, lime or the ]ike. 
These three components are ,mixed wih each 
other n an autoclave or Ctosed unit and shortly 
afteï the mixture takes place, an exothermic re- 
action occurs and the.pressure whin the auto- 
clave wi!l fise. This vigorons reaction .is not 
easily control]ed by ordinary, methods, such as by 
using reacting units vhiC have air vents flrough 
the top, because undersuch conditions .manF 
rimes there may be losses of. some of the reac- 
tion products escaping thro.u.gh he air vens. 
For this reason an autoclave is reco.mmended as 
the reacting unit. After the exohermic.reacion 
has subsided, the 'action is practcally e0mplee. 
In order to assure complexe reactipn and h!gh 
yields, the mass in the autoclave is externall 
heated to maintain if in the state .of .bofling for 
a period .of time depending -upon the viscosty 
desh'ed of çhe resultant r.eaction mass, vhich 
may vary from a rhin liquid to a solid a room 
temperature. General!y,I preer that the rime 
of boiling is such haf .the viscosity of the re- 
action mass emp]oyed as a sfaring m. aterial 
when dehydrated is a liquid, that is, if ispor- 
able af 25 ° C. and for some.pùrposes af the Pres- 
ent rime no greatm" than pproximateiy 
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cp. at 25 ° .C. and in all cases no lower than 50 cp. 
af 25 ° C. This fonction provides compounds 
which are mono and di,furu.ryl ketones, having 
the .following formulae: 
]C--CH \ 
\o / ] 
in which x $s a whole number .selected .from the 
l0 
group of 1, and 2, and R is a ketone iacking two 
of th, e hydroge_n atoms normal]y on either one 
or both of ifs alpha carbons. These compounds 
are produced asa result of fonction between the 
1 îurfraldehyde and ketone herein two hydro- 
gens on the atpha carbons unite with the oxy- 
gen of the furfuraldehyde o spHt off water. This 
reaction also proides ,an .amorphgus or resinous 
materil. The quantity of said resinous ma,terial 
present in the reacion mass varies and is dePend- 
e0 ont uPon the rime magnitude Of bofling of the 
reaction mass nd is approximately 5% o- more 
of the reaction mass by weight and in general 
measures about 5%-60% byweight ofthe reac-  
tion mass. Because-of the heat polymerization 
 of said compounds, the percentage of residue or 
resin in.said reaction mass is measured after the 
mass s hydr, ogenated as. hereinfter set forth.- 
:Reference is hereby made to the U. S. Patent 
No. 2,363,829 which issued to S. Caplan and me 
30 on N6vember 28, %944, and particu!arly o thèse 
examPles therein disclosing compositions pro- 
duced .by reacting under alkaline contions fur- 
furaldehyde and a ketone having two hYdrogen 
atoms o_n an a]pha carbon and .all these comps- 
35 tion may be .u.sed as the unhydrogenated reacion 
products herei-n. -The resùttant reaction mas or 
any desired fractions thereof, some of which are 
the particuar com-po!mds ad the resin herein- 
before identified, m" mixtures of two or moreof 
40 said fra¢tions in any desired proportion .may be 
hydrogena-ted and %hen polymeried ol, thiek- 
ened under certain, conditions to provide n0vel 
prodoEs. In this geneïal example, the reaction 
mass wi]l be treated, but any o.f the other a:fore- 
45 said compos.iiions maY be used in place thereof 
Said resultant reaction raass may .then be ren- 
dered substantial]y neutral in any convenient 
manner. This may be easfly ac_comp!ished by 
adding thereto the requisite amo!mt, of an açtue- 
5o ous solution of an acidic agent, ùcl as hyd.ro- 



chloric acid, sulphuric acid, lactic acid or the 
like. Generally if is preferab!e that the amount 
of acidic agent be such as to lower the pli of the 
mass fo a value in the range of 3-7.4 and gener- 
ally in the range of 3-6. 
Following this step, the mass is substantia!ly 
completely dehydrated. One method for doing 
this is te heat preferably under a high vacuum, 
until all of the water and any unreacted compo- 
nents have been substantially completely distilled 
off. 
This completely dehydrated reaction product 
may then be hydrogenated oniy partially by em- 
ploying a nickel catalyst, maïntaining the tem- 
perature thereof at a value of ai least 120 ° C. and 
preferably in the range of 120 ° C.-250 ° C. and the 
pressure thereof ai a value of ai least 25 lbs. per 
square inch and between 25-250 lbs. per squ.are 
inch, but preferably in the range of 30-75 lbs. per 
square inch. The nickel employed may be in 
finely divided state and may be coupled with any 
suitable carrier such as a hydïogenated vegetable 
off, .hydrogenated cardanol, etc. 
Briefly, the hydrogenation may be accom- 
plished by adding the requisit amount of nickel 
catalyst in the carrier fo said dehydrated 
proximately neutral reaction product and the 
mixture is heated while vacuum is applied and 
agitated until a unifom mixture has been ob- 
trained. Vhen the temperature of the mix reaches 
120 ° C. the externaI source of heat is removed, hy- 
drogen gas is admitted thereto fo provide a pres- 
sure of 25-250 lbs. per square inch whereupon hy- 
drogenation takes place and is an exothermic re- 
action. The addition of the hydrogen is con- 
tinued whereupon the temperature of the mass 
rises and is maintained ai a level no greaer than 
250 ° C. and the pressure is maintained af a value 
no greater than 250 lbs. per square inch and gen- 
erally between 30-75 lbs. per square inch. The 
hydrogen is continuously added under the afore- 
said conditions until the amount of added hydro- 
gen is approximately 70-340 cubic feet measured 
ai 20 ° C. and 760 mm. pressure. The hydrogen 
added is approximately 15 %-65% of the quantity 
of hydrogen necessary for complete sattu'ation of 
all the carbon to carbon double bonds thereof. 
The hydrogenation is discontinued after the de- 
sired degree of hydrogenation h, as been attained. 
Then the hydrogenated mass is allowed fo cool 
to room temperature. By this procedure the re- 
action mass after hydrogenation is still unsatu- 
rated. The carbon fo carbon double bonds of the 
compounds in said mass and outside of the furane 
ring bave been af least 50 % saturated with hy- 
drogen, and may be 50 %-100% saturated with 
hydrogen, with 0 %-50% saturation with hydro- 
gen of the carbon to carbon double bonds in the 
furane ring. 
Vhen the mass tobe hydrogenated is of a very 
rdgh viscosity, for example, over 20,000 cp. ai 25 ° 
C., I first dissolved the mass in a solvent, such as 
a high molecular weight ketone, and then hydro- 
genated under the aforesaid conditions. 
The partially hydrogenated reaction mass may 
be polymerized or thickened under acidic condi- 
tions fo provide slightly to highly polymerized 
products which are thermosetting resins in the 
intermediate state which bave unusual stability 
characteristics. These novel resins are ir-dry- 
ing when in film form, are lighter in color, may 
be heat converted fo the inïusible state 
that state give greater chemical resisance and 
are a great deal tougher than the cured unhydro- 
genated products. In general these polymers 
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either of low or high molecular weight may be 
produced by adding fo the hydrogenated mass or 
a fraction thereof an acidic catalyst such as sul- 
phuric acid, phosphoric acid, hydrochloric acid, 
5 diethyl sulphate, zinc chloride, boron trifluoride, 
or the like to provide an acidic condition such 
that the pli of the mass is in the range of 0.3 to 4 
and preferably in the range of 2-3.5. By employ- 
ing  large amount of acidic agent no external 
!o heat is requirecl. However, for commercial pur- 
poses I prefer to use a smaller amount of acidic 
agent and apply external heat fo hasten the 
thickening. In factory practice external heat is 
applied fo raise the temperature of the acidified 
]5 mass fo a temperature of at least 180 ° F. and 
genm'ally 180 ° F.-450 ° F. and preferably 220 ° F.- 
350 ° F. until the polymerization or thickening 
has reached the desired degree as evidenced by 
increase in viscosity which in .ail cases i.s at least 
fio 100% greater than the viscosity of the hydro- 
genated mass at 25 ° C. before said polymeriza- 
tion or thickening. ïhis is the test when the hy- 
drogermted product before thickening is a liquid. 
However in all cases whether the hydrogenated 
25 product is liquid or solid, the thickening is con- 
tinued under the aforesaid conditions untfl a 
solution of an equal volume thereof in acetone 
bas a viscosity ai 25" C. af least 100% greater 
than the viscosity at 25 ° C. of a solution in acetone 
20 of an equal volume of said hydrogenated product 
belote said thickening. 
Among some of the resins which may be pro- 
duced by following the aforesaid procedure is a 
class of thermosetting resins which vary from a 
5 heavy viscous mass of the consistency of mo- 
lasses (viscosity approximatety 25,000-50,000 cp. 
ai 25 ° C.) fo a solid in the intermediate state 
and are capabïe of being heat converted ai 250 
F.-350 ° F. fo the inïusible state under acid con- 
,Io ditions. Ail of these resins fmd various appli- 
cation: (a) they may be employed as plasticizers 
for the various normally solid polymers and co- 
polymers of the vinyl esters and the normally 
solid polymers of the vinyl acetals and normally 
5 solid cellulose derivatives and also may be em- 
ployed fo produce gels therewith by heat dis- 
solving a quantity of said normally solid ma- 
terial therein and then cooling and for these 
uses I prefer to employ the resins which at room 
50 temperature are normally liquid or pourable. Ex- 
amples of these polymers and copolymers are 
polyvinyl chloride, polyvinyl acetate, copolymers 
of vinyl chloride and vinyl acetate, polyvinyl 
butyral, polyvinyl formal and polyvinyl acetal; 
55 and examples of the cellulose derivatives are cel- 
lulose nitrate, cellulose acetate, benzyl cellulose, 
alkyl ethers of cellulose, such as methyl cellu- 
lose, ethyl cellulose, etc.; (b) They may be used 
as plasticizers for natural rubber, reclaimed rub- 
ç,0 ber, rubbery polymers of chloroprene, rubbery 
copolymers of butadiene and sty:ene and rubbery 
copolymers of butadiene and acrylonitrile, and 
addition the gels of (a) may be intimately ad- 
mixed with said rubber or rubbery material fo 
c,5 provide improved millable compositions; 
They may be employed alone or together with 
other materials fo provide coating compositions 
wherein these resins may be cured fo the infus- 
ible state, for example, paints, such as cream, 
70 green, brown, red or gray paints may be easily 
produced in the usual manner, an excellent out- 
side green paint which dries overnight and has 
high alkali and acid resistance and good sunlight 
resistance may be produced with the following 
75 components: 100 grains of the fusible resin in a 
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viscous state, 50 grams of xylol, 50 «grains of 
titanium oxide, 30 grams of chrome green :and 
5 grains of manganese Soligen containing 6% 
of manganese; (g) They may be calendered with 
or .w-ithout pigmentation and 1211ets, te the de- 
sired thickness and thon ,cured te the ïnfusible 
state; (e) These resins fmd pazticular applica- 
tion ïn the 12eld of friction materials such as 
brake linings, clutch ïacings, etc. They may be 
employed as binders and/or friction augment- 
ing materials, with or without Other compo- 
nents, such as rubber, phenol-aldehyde resins, 
cashew nut shell liquid resins in the ferre of 
polymers and aldehyde reaction products, China- 
wood oil and various other constituents here%0- 
ïore employed in the production o.f such prod- 
ucts. When used as friction augmenting mate- 
rials these resins aïter being converted te the 
solid state may be comminuted and the smll 
particles, in the form of a powder or dust are 
ready-to be combined with other materials 
the provision of a brake lining in which these 
particles serve as friction augmenting material. 
Another particular application for sid resins is 
%0 compound one or more of them with other 
resins, éïther synthetic or natural, such as poly- 
merized coumarone-polymerized indene resins, 
phenol-aldehyde resins with or without inert 1211- 
ets and thon heating curing the combination; 
(]) .They may_ be reacted under either acid, 
neutral or alkaline conditions with a reactive 
methylene containing agent %0 provide thermo- 
setting resins in the intermediate or 12nal state. 
:Examples oï the reactive methylene group con- 
taining agents are formaldehyde, paraformalde- 
hyde, glyoxal, acrolein, aldol, hexamethylene 
tetramine, etc., as well as any of them .that are 
available in their polymeric form. Generally, 
these novel condensation reaction products may 
be produced by mixing 150 parts .by weight of 
the resin or one of the ïractions thereof with 
9.5-100 parts by weight of one of said reactive 
methylene containing agents. This mixture is 
heated te an elevated temperature, preïerably 
at least %0 boiling, and is maintained at said 
temperature until a resinous condensation prod- 
uct of the desired 7iscosity is obtained. Thon 
the mass is dehydrated and the resin is ready for 
use either with or withou solven and/or other 
materi.als. AI1 of the various resins may be 
employed in 12oor coverings, table reps and other 
coating media because of their acid and alkali 
resistance characteristics; they may be employed 
for coating and impregnating glass cloth result- 
ing in extremely high impact, and chemically re- 
sistant stock which may be used as tank liners, 
conduits, etc.; they may be employed as plas- 
ticizers for phenol-aldehyde resins, alkyd resins, 
etc. and such combinations may be used in the 
laminating 12eld for he lamination of paper, 60 
wood, cork, moral, glass, etc. 
The following Examples I-IV illustrate the 
general method for producing brake linings with 
the various resins produced by said polymeriz- 
ing or thickening of the hydrogenated mass and 
the fractions thereof, as well as those produced 
by reacting a reactive methylene group con- 
taining agent with the produc produced by said 
polymerizing or thickening of the hydrogenated. 
mass unil the viscosity is 100% or more at 25 ° C. ïo 
Example I 
A length o2 woven or pressed, 2elted or matted 
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linings is 12rst.de4serated :ad .dehdraed and 
then :oaked in a batl of one :or "anixture :of .tw, o 
or mere of saidresins .te :coat and/or.impr.egnate 
the 12bers thereof. This may be accomplished by 
placing a length of sid maerial in a chamber 
which is heated and maintained under vacuum, 
then into said chmber is added said-resin-which 
is maintained therein under :presstu'e of about 
100 lbs per square 'inch and ara temperature of 
ab0ut75 ° 1.-=200 o 1. The-viscosity of said resin is 
preferably low and may be between 'about 
200-600 cp. at 25 °. Thon after about une te 
two hours of soàking the excess resin"is removed 
and the resin-soaked usbestos muteriul is allowed 
te drain overnight. Stibsequently it-is cured for 
about 2 hours in a temperature graduated oven 
starting at about 150 ° 'F. -and reaching about 
450 ° F. in that-rime.. Upon removal from the 
oven and allowed te cool %0 room temperature, 
this cured coated and/or :impregnated material 
will be round %0 be substantially dry, my be read- 
ily cut into the desired lengths and is :sutïiciently 
flexible te be forïned aroun'd a brake drum and 
provides an improved brgke lining. Said resin 
will be round te hae been converted te a sub- 
stantially dry infusible and sDlid resinous compo- 
sition having good frictional properties. 
If desired, said soaking bath may be-made thïn- 
ner by the addition thereto of a selvent such as 
methyl ethyl ketone. When a solvent ls em- 
pl0yed, the soäked materil after draining is 
preferably çsubected te a heating operation te 
remove the solvent therefrom belote curing. 
Whatever type of oaking baril employed, there 
may also be includedtherein a quantity .of an oil 
soluble çheat reactive phenolgldehyde resin, and 
preferably a thermosetting boat reactive substi- 
tuted phenol-formaldehyde resin and the quan- 
tity by weight of said resin added thereto may be 
between about 10%-80% based on the quantity 
by weight of said thermosetting resin. The use 
of said phenol-aldehyde resin therein imparts 
increased hardness te the resultant cured brake 
lining. Te impart increased soïtness, in.place of 
said phenol-aldehyde resin, there may be em- 
ployed the same quantity of  heat polymerizable 
and drying oil such as China-wood oil, linseed off, 
etc. 
Instead of omitting all of the phenol-aldehyde 
resin, said bath may contain both said oil and 
said phenol-aldehyde resin..In this case there 
may be prepared a solution of .one of said phenol- 
aldehyde resins in said oil, with the ratio of the 
quantity of said lohenol-aldehyde resin in sald oil 
being in the rangeof 25100 te 75-25. The solu- 
tion may be obtained by heating a -mixture of 
fusible phenol-aldehyde resin and said o! a£ a 
temperature of approximately 150 ° E. uni! se!u- 
tion is completed. The ratio of tthe rnount o 
said phenol-aldehyde resin-oil solution in 
bath te the quantity of said thermosetting resln 
may be in the range of 25-100 te 75-25. Also 
included in any one of said baths and with or 
without Said phenol-aldehyde.resins and/or sald 
oils may be a quantity of a normally solid poly- 
vinyl acetal with the ratio by weight of the quan- 
tity of said thermosetting resin te the quantity of 
the polyvinyl acetal being in the range of 1-100 
te 12-100. 
.If desired, there may also be included in said 
bath a quantity of various other materials here- 
torero mentioned. In any of the combinations 
of materials as set forth, the final product after 

asbestes of the desired dimensions and of .the %y.pe curing :af %he aforementioned curing tempera- 
commonly employed .in the production of orake 75 tures results-in an improved .brke lining of 
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besto .fibers hnda binder v¢hose, onter stlrface . 
is a substantially dry, solid, infusible resinous 
composition having good frictional properties. 
Instead of empl0ying a length of said asbestos 
material tobe impregnated and/or coated with 
said materials as set forth in Example I, a batch 
of asbestos fiberS may be added directly thereto, 
mixed therewith, shaped andcured. For exam- 
ple, 100 parts of one of said thermosetting resins 
and 100 parts oï. a solvent for said resin, such as 
methyl ethyl ketone are placed in a mixer of the 
dough or cake mixer type and subjected to a mix- 
ing operation until there is a solution or sub- 
stantially uniform distribution of these compo- 
nents with respect to each other. Then to said 
mass is added 200 parts of asbestos fiber together 
with additional solvent of such quantity that 
mixing may be done with comparative ease. Any 
of the other ingredients set forth in Example I 
may be added thereto and preferably in the pro- 
portions indicated therein and mixed therewith 
to provide a substantially uniform mix. Afteï 
complete mixing the mass is removed from the 
mixer, the solvent is evaporated therefrom af 
temperatuïes of about 12) ° F. fo about 140 ° F. 
and then is ïolled or extruded into ribbons o 
the proper thickness and width and these ribbons 
are cured in temperature graduated ovens be- 
tween about 150 ° F.-400 ° F. for a period of about 
24 hours. After curing, these ribbons may be cut 
and ground to the desired dimension fo provide 
brake linings having matted asbestos fibers with 
a binder therefoï which has good frictional prop- 
erties and which is gubstantially solid and in- 
fusible composition. 
Exampe III 
100 parts of rubber may be milled on a rubber 
mill and in the. course of said milling there may 
be added thereto between 10-200 parts of one of 
said novel thermosetting resins having a viscos- 
ity between 2,000-20,000 cp. at 25 ° C. The milling 
ïs continued until there is a substantially uniform 
distribution oï said resin into iaid rubber, ihen 
this milled product may be eut into small pieces 
and placed in a swelling agent such as toluol. 
After standing ïor about ïrom 1 to 3 days in said 
toluoi, a fiuid gelatinous mass is obtained. This 
mass may then be mixed with asbestos, sulptiur 
and the usual rubber accelerators in the propor- 
tion oï about 3 parts of asbestos to 1 of said iolids 
in said mass. The swelling agent is then re- 
moved from said mixture by subjecting the saine 
fo a temperature of about 125 ° F,-150 ° F. and the 
resulting product is sheeted and formed into the 
desired shape, then cured in low pressure molds 
for appïoximately oni hour and ïulher heated in 
a graduated oven ïanging from 150 ° F.-400 ° F. 
over a 24 hour period. 
Instead of natural rubber, rubbery polymers of 
chloroprene, he rubber eopo,lymers of butadiene 
and styrene or the rubbery copolymers of buta- 
diene and acrylonitrite may be employed and 
when either of these is employed xylol, for exam- 
ple, is used as the swelling agent. In any case, 
the resulting cuïed product includes a binder for 
the asbestos fibers vhich binder is a substantially 
infusible solid mass. 
In commeïcial production these various brake 
linings include various lïillers and-modifying 
agents, such as barytes;, cork, carbon black and 
the like heretofore generally employed in the pro- 
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duction .of bralte linings and well known to the 
industry. 
 Esample IV 
5 Instead er employing said thermosetting resins 
as binders and frictional materials vith asbes- 
tos for brake linings, said materials may be pre- 
pared in the f0rm of comminuted materials and 
then incorporated in a binder for said asbestos 
10 and are retained in said binder as discrete iarti- 
cles. The binder employed may be any of those 
known to the art such as rubber, phenol-alde- 
hyde resins, heat polymerized drying oils and the 
like or combinations of these or other materials 
15 heretofore used for this purpose. 
A quantity of one of said thermosetting resins 
in a viscous state is poured into shs21ow paris and 
cured for 24 hours at about 300 ° F.-400 ° F. After 
that period, it ,ill bave been converted to the 
20 substantially ch'y,.solid and infusible state. This 
dry mass is then comrainuted in any convenient 
manner, by using for examile differential rolls or 
a hammer mfll. The mass is comminuted so that 
there is provided a relatively fine dust whose 
25 particle size is below about 20 mesh per square 
inch. This friction .augmenting dust may be 
combined with the asbestos and binder therefor 
in the mariner heïetofore employed for the incor- 
poration of dusts as components of brake linings, 
30 The usual manner is fo incorporate in a brake 
lining of asbestos fibers, 8%-20% of dust based 
on the weight of the finished product, about dou- 
ble that amount of 
rytes, carbon black and other materials which 
35 may be used therewith. 
The invention accordingly comprises the sev- 
eral steps and the relation of one or more of such 
steps with respect fo each of the others, and the 
compositions which are exemplified in the follow- 
40 ing detailed disclosure, and the scope of the in- 
vention will be indicated in the claires. 
The following Examples 1-7 are given merely 
to further fllustrate the methods for providing the 
starting materials and are not to be construed in 
45 a limiting sensi, all parts givin being by wiight 
unless otherwise indicated. 
Example 
Into a one-gallon pari is placed a quantity of 
50 sodium hydroxide weighing 2 lbs. 6 oz..Then 
there is added thereto suflicient water to ffll 
the pari and the sodium hych-oxide in the water 
is stirred until the sodium hydroxide is com- 
pletely dissolved therein. Then in a Monel metal 
55 lined autoclave are placed 40 lbs. of furfurs2de- 
hyde and 24 lbs. of acetone. This autoclave is 
preferably provided with a mechanical agitator 
or stirrer which may be in the nature of a paddle 
mixer. This mixture is agitated and while in 
6O the state of agitation there is added thereto 
about /6 of the. volume of said heretofore pre- 
pared aqueous solution of sodium hydroxide. 
With all the valves of the autoclave closed it 
will be noted that an exothermic reaction takes 
65 place in a very few minutes after the addition 
of the sodium hydroxide solution and the tem- 
peïature of the mass continuously agitated by 
the stirrer will iie to approxmately 150 ° F. in 
about three or four. minutes. Aïter about 10 
70 minutes there is added to the mass in said auto- 
clave another charge consisting of 40 lbs. of 
furfuraldehyde and 24 lbs. of acetone. Then to 
the mass in the autoclave there is added a second 
increment of said sodium hydroxide solution 
75 equal in volume fo the first addition. A, fter a 
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few minutes the temperature of the mass wfll, 
due to the exothermic reaction, fise to approxi- 
mately 165 ° F.-170 o F. The foregoing steps are 
repeated four more rimes so that the amount 
of furfuraldehyde and acetone added to the auto- 
clave are equal to 240 lbs. and 144 lbs. respec- 
tively and all of the initially prepared aqueous 
solution of sodium hydroxide has been added. 
After the last addition of sodium hydroxide the 
temperature of the mass within the autoclave 
will have stabflized fo about 180 ° F.-195 o F. 
Then the mass within the autoclave may be 
heated by means of a steam coil located therein 
and through a jacket carried thereby to main- 
tain the temperature of the mass between 
proximately 185 ° F.-190 o F. for about 30 minutes 
in order to complete the reaction and to obtain 
high yields. The steam is cut off from the coil 
and jacket and then there is added thereto an 
aqueous solution of sulphuric acid in quantities 
sufficient to tender the mass practically neutral. 
In this instance there may be added an aqueous 
solution of sulphuric acid consisting of 3 lbs. 
3 oz. of concentrated sulphuric acid dfluted in 
6 lbs. 6 oz. of water. Then this mass may be 
heated for about 5 minutes at a temperature 
between 175 ° F.-200 o F. fo substantially com- 
pletely neutralize the mass. The substantially 
neutral mass may then be substantially com- 
pletely dehydrated by heating the saine to a tem- 
perature of 220 ° F. with or without vacuum yield- 
ing approximately 30{) lbs. of dehydrated sub- 
stantially neutral material known as Product A, 
whose viscosity af 25 ° C. is 92 cp. and having a 
specific gravity af 25 ° C. of 1.150. When this 
material, Product A, is distilled af a pressure of 
approximately .1 mm. of mercury pressure a 
fraction (37%) weighing approximately 110 lbs. 
cornes off at temperatures in the range of 70 ° C.- 
85 ° C. and is hereinafter known as Fraction 
and a fraction (47%) measuring approximately 
140 lbs. cornes off in the temperature range of 
150 ° C.-165 ° C. and hereinafter is known as 
Fraction II. The resldue measuring approxi- 
mately 50 lbs. is a brittle solid on cooling. Anal- 
ysis of Fraction I established a carbon content 
of 70.30% and hydrogen of 5.48% which corre- 
sponds fo the carbon and hydrogen values o,f 
furfural acetone having the following formula: 
XCCX 
C--C----C--C--CX 
\o / x I01 

10 
hydrogen is admitted to provide a pressure of 
40 lbs. per square inch. I-Iydrogen is continu- 
ously admitted to the mass and hydrogenation 
takes place exothermically and now the external 
5 source of heat is removed therefrom. By con- 
trolling the sped of addition of the hydrogen to 
the mass, the temperature is maintained at 
proximately 200 ° C. and the pressure of approxi- 
mately 50 lbs. per square inch. The temperature 
10 during hydrogenation may also be controlled by 
external cooling. The hydrogen addition is ter- 
minated when no more hydrogen is taken up 
under these conditions with a period of about 
30 minutes. The quantity of hydrogen taken 
15 up in this Particular hydrogenation step 
parently due to early poisoning of the catalyst 
amounted to approximately 145 cubic feet which 
correspo.nds roughly to the quantity of hydrogen 
required to saturate only the unsaturated carbon 
20 to carbon atoms outside of the furane ring. 
This hydrogenated Product A, hereinafter 
known as HA is still a rhin liquid and may be 
disti]led if desired to separate various fractions 
thereof. By distilling this hydrogenated Prod- 
2.5 uct A at 0.3 mm. of mercury pressure a fraction 
distilled off up to 100 ° C. and was collected and 
amounted to 3. % ; a second fraction amounting to 
41% disti]led off and was collected ai 1.0 ° C.-170 ° 
C. That fraction which distilled off up to 100 ° C. 
0 is hereinafter known as Product ttA-1 and con- 
sisted essentially of a compound having the fol- 
lowing formula: 
XC--CX 
--C--C--C--CX 
\o / H H  
The second fraction which distilled off at 19,0 ° C.- 
170 ° C. is hereinafter known as Product HA-2 
and consisted essentially of a compound having 
40 the fol]owing formula: 
XCCX XC--CX 
C--C--CIC--C--C--C CX 
\Ol/ x x I x x \o / 
45 The residue known as HA-3 upon cooling was a 
brittle black solid. 
Example 2 
By using the same procedure as that set ïorth 
5o in Example 1, and substituting 180 lbs. of methyl 
ethyl ketone for the 144 lbs. of acetone, and ter- 
minating hydrogen addition when approximately 
150 cu. t..of hydrogen bave been taken up, there 

Analysis of Fraction II established a carbon may ble produced a novel hydrogenated product. 
content of 73.07% and a hydrogen content of 55 This hydrogenated product known as Product 
4.58% corresponding to the carbon and hydrogen III] may be distilled to provide fractions I-lB-1 

values of difurfural acetone having the following 
formula: 
XC--CX XC--CX 
c--c=c--c--c----c-- 
\o / x I x x \o/ 
Ezampe IA 
40 Ibs. oï Product A is plced in m 10-gllon 
closed ut equipped with  high speed propeller. 
Then one lb. of  ctlysç nd crried combin- 
tion conting 25 % o ctlytic nickel dispersed 
in  hyogençed vegetble off is dded thereto 
nd the xte is aotinuously stirred in order 
fo mintin  uniorm distribution oï the com- 
oents. ile  this strie oï giçtio, 
mss is externlly heted fo  temperture 
12  . ïter suDsttilly II the ir in the con- 
taoEner hs been mcuted thererom. 

6o 

and IIB-2 respectively chiefly consisting of the 
following compounds: 
XC--CX 
C--C--C--C--C--CX 
\o / x x g t t 

XC--CX 
C--C--C--C--C--CX 
\o / x x g ix 
70 o/ 
and a resinous residue IIB-a of more han  % oï 
7 he y6rogenage6 mass. 

and 
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Example 3 
By using the same procedure as that set forth 
in Example 2, and substituting 240 lbs. of di- 
acetone alcohol for 180 lbs. methyl ethyl ketone, 
there may be produced a novel hydrogenated 5 
product known as HC. This hydrogenated prod- 
uct HC may be distilled to provide Fractions 
HC-1 and HC-2 respectively consisting chiefly 
of the following compounds: 
10 
OH HC--CH 
HC--C--C--C--C--C--C 
H C H 
H 

and 

15 

OH HC--CH 
HC--ClC--ClC--ClC 
HHH; HH \/ 
H  o 
CCH 
O 5 
H 
and a resinous residue HC-3 of more than 5% 
of the hydrogenated mass. 
Example 4 3O 
Following the same procedure as that set forth 
in Example lA and using fresh catalyst and ter- 
minating the hydrogenation after approximately 
70, 100, 150, 175, 210, and 235 cu. ft. of hydrogen 
were taken up in six different 40 lb. batches of 35 
Product A, I obtained products HD, HE, I-IF, ttG, 
HH and III, differing from each other in the 
degree of hydrogen saturation. 
Example 5 40 
Following the same procedure as that set forth 
in Example lA and employing fresh catalyst, 235 
cu. ff. of hydrogen were taken up in a 40 lb. 
batch of Product A. Then the same amount of 
fresh catalyst, .25 lb. powdered nickel, was added 45 
thereto .and hydrogenation continued until a total 
of 340 cu. ff. of hydrogen was taken up. This 
product is known as Product ttJ. 
Example 6 50 
Following the saine procedure as that of 
ample lA and employing Fraction I of Example 1 
in place of Product A, and terminating the hy- 
drogenation after 1.3 and 1.8 moles proportion- 
ately of hydrogen were taken up by 1 mole pro- 55 
portion of said fraction, approximately 95 and 
130 cu. ft. of hydrogen per 40 lbs. of Fraction I. 
The hydrogenation above the 1.3 mole propor- 
tion proceeded with difficulty. These two hy- 
drogenated products are I-IK and I-IL and were 6O 
respectively about 43% and 60% hydrogenated at 
the carbon fo carbon double bonds. 
Example 7 
Following the same procedure as that of Ex- 65 
ample lA and employing Fraction II of Example 
1 in place of Product A, and 1 to 4 moles of 
hydrogen were taken up. Above 2 moles of 
hydrogen addition, additional increments of 
nickel catalyst were used. Various samples of 7O 
1, 2, 3 and 4 moles of hydrogen addition products 
are known as ItNI, I-IN, HO and HP respectively 
and respectively were approximately 15, 30, 50 
and 65% hydrogen saturated at the carbon to 
carbon double bonds. 75 

12 
AIl of the various partially hydrogenated 
reaction masses such as HA etc. may be sub- 
jected to distillation to obtain the mono- and 
di-furfuryl ketone compounds and also a resin- 
ous residue which may be 5%-60% of the weight 
of the mass depending in part on the amount 
of residue in or the viscosity of the mass before 
hydrogenation. 
These various hydrogenated products may be 
polymerized or thickened by heating them at 
180 ° F.-450 ° F. under acidic conditions such that 
the pli thereof is in the range of 0.3-4. Gen- 
erally the acidic agent employed is one such 
as sulphuric acid, hydrochloric acid, diethyl 
sulphate or the like. When diethyl sulphate is 
employed, there is added to said product a quan- 
tity of said diethyl sulphate measuring by weight 
between .3% to 3% of the weight of said product 
and in commercial operation the mixture may 
be maintained at about 240 ° F.-360 ° F. until the 
viscosity of the mass bas increased at least 
100%.When no heat is employed, the quantity 
of diethyl sulphate may be as high as 12%. 
When fusible thermosetting resins are desired, 
the reaction is continued until the resultant 
product is a fusible thermosetting resin. These 
fusible resins are very stable at room temper- 
ature even at their low plis. However, if de- 
sired, there may be added thereto a quantity of 
an alkaline material to increase the pli of the 
resin af any desired value and preferably be- 
tween 3 fo 14. Instead of discontinuing the re- 
action when the thermosetting resin is in the 
intermediate or fusible state, it may be con- 
tinued to convert the mass to the solid and 
substantially infusible state. 
All of these various products HA, HB, HC as 
well as their fractions, examples of which are 
HA-l, HA-2, HA-3, HB-1, HB-2, HB-3, HC-1, 
HC-2 and HC-3 and the products HD, HE, HF, 
HG, HH, III, H J, HK, HL, HM, HN, HO and 
HP herein were thickened under acidic con- 
ditions to provide thermosetting resins which 
are tough and chemical resistant in their end 
state. 
ExoEmple 8 
Each of the aforesaid particular hydrogenated 
products was thickened or polymerized to pro- 
vide a thermosetting resin in its intermediate 
state which resin was heat converted to the end 
state to provide an infusible tough resin having 
excellent chemical resistance and high impact 
strength. For this purpose a mixture of each of 
said partially hydrogenated products was inti- 
mately mixed with diethyl sulphate in the pro- 
portion of 6 lbs. of the former fo 10-40 cc. of 
diethyl sulphate. In factory practice, it bas 
been round that the greater the hydrogen satu- 
ration, the larger the amount of diethyl sulphate 
required. For example, 10 cc. of diethyl sui- 
phare was employed with those products which 
took up 150 cu. ff. of hydrogen per 40 pounds, 
20 cc. diethyl sulphate for those which took up 
150-250 cu. ft. of hydrogen per 40 lbs. etc. Each 
mixture was heated and the temperature noted. 
The mixture while being constantly agitated in 
a container by stirring is heated to a temper- 
ature of approximately 260 ° F.-325 ° F. and main- 
tained in this range whereupon an exothermic 
reaction takes place and the mass thickens 
rapidly. When the mass bas attained the de- 
sh'ed viscosity in the course of this exothermic 
reaction, the mass is cooled in any convenient 
manner, by the addition of cold xylol or other 
solvent or by external cooling. The reaction 
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may be stopped aïter it has reached the.stage 
where a sample thereof dissolved in an equal 
volume of acetone provides a solution having a 
viscosity ai 25 ° C. af least 100% and preferably 
at least 10 rimes greater than the viscosity of 
a solution of the unthickened product in an 
equal volume of acetone. A sample of the mass 
in the container was poured out of the container 
and placed in an oven af 300 ° F. and maintained 
therein over night and the next morning was 
round tobe a solid, infusible, tough resin having 
good chemical resistance. 
Example 9 
100 grains of Product HA and 20 cc. of diethyl 
sulphate were mixed in a beaker and allowed 
to stand at room temperature for 3 weeks. Af 
the end of that period, the viscosity of the mass 
af 25 ° C. was more than 10 rimes that of Product 
HA af 25 ° C. A sample of the mass was then 
placed in an oven af 300 ° F. and was round to 
beu very tough, infusible resin after 16 hours. 
Example 10 
The various hydrogenated products ,were mixed 
with diethyl sulphate and these mixtures were 
employed as impregnants and coatings on bases. 
The so-treated bases were placed in an oven af 
300 ° 1 . and after 16 hours the comportent had 
been converted fo the infusible, tough, chemically 
resistant mass. 
Exampl 11 
The partially hydrogenated mono- and dl- 
furfuryl acetone compounds, examples of which 
are HA-l, I-IA-2, HB-1, HB-2, HC-1 and HC-2 
were each round tobe excellent plasticizers and 
solvents for the polymers and copolymers of the 
vinyl esters, such as polyvinyl chlorlde, polyvinyl 
acetate, etc. 
The method which I bave employed for ascer- 
taining the pli of the various materials herein 
is that commonly used in the art for materials 
free oî water or being water insoluble and is as 
îollows: About a 10-20 cc. sample of the material 
whose pli is to be ascertained is placed in a test 
tube containing an equal volume of distilled 
water. The mixture is heated fo boiling ,while 
being shaken and then allowed fo stand and corne 
fo room temperature. Then this aqueous mass 
is tested with pli test paper commonly employed 
in the art. 
It is also fo be understood that the following 
claires are intended to cover all the generic and 
specific features oZ the invention herein de- 
scribed and ail statements of the scope of the in- 
vention, which as a marrer of language might be 
said to fall therebetween; and that they are in- 
tended fo be inclusive in scope and hot exclusive, 
in that, if desired, other materials may be added 
to my novel compositions of marrer herein 
claimed without departing from the spirit of the 
invention. Particularly it is fo be understood 
that in said claires, ingredients or components 
recited in the singular are intended to include 
compatible mixtures of said ingredients where- 
ever the sense permits. 
This application is a continuation-in-part of 
my co-pending application serial No. 732,124, filed 
Match 3, 1947, now abandoned, and copending 
application Serial No. 740,472, filed April 9, 1947, 
now abandoned. 
ttaving thus described my invention, what I 
claire is: 
1. A novel composition of marrer capable of 
being heat converted fo the substantially solid 

and infusible stte comprlsing a mixture of an 
acidic agent and a partially hydrogenated prod- 
uct selected from the group consisting of (a) par- 
tially hydrogenated mono-furfuryl ketone, (b) 
5 partially hydrogenated di-furfuryl ketone, (c) 
partially hydrogenated organic reaction masses, 
said reaction masses belote hydrogenation hav- 
ing a viscosity of at least 50 cp. at 25 ° C. and pro- 
duced by reacting under alkaline conditions fur- 
10 furaldehyde and a ketone having two hydrogen 
atoms on an alpha carbon, (g) resinous residues 
btained by the heat distillation of said partially 
hydrogena.ted reaction masses, the OH of said 
 mixture being in the range of .3 to 4, said partially 
15 hydrogenated products having saturated with hy- 
drogen fo the extent of approximately 15 %-65 % 
the normally present carbon to carbon double 
bonds in said products belote hydrogenation. 
2. A novel composition of matter capable of 
2o being heat converted to the substantially solid 
and infusible state comprising a partially hydro- 
genated product thickened in the presence of an 
acidic-agent in amount suflicient to impart a 
pli of .3-4 fo a mixture of said product and said 
25 agent, said product belote thickening having a 
viscosity of no greater than 50% of that of the 
thickened product at 25 ° C. and selected from the 
group consisting of (a) partially hydrogenated 
mono-furfuryl ketone, (b) partially hydrogen- 
.3o ated di-furfuryl ketone, (c) partially hydrogen- 
ated organic reaction masses, said reaction 
masses belote hydrogenation having a viscosity 
of at least 50 cp. af 25 ° C. and produced by re- 
acting under alkaline conditions Turfuraldehyde 
35 and a ketone having two hydrogen atoms on an 
alpha cabon, (g) resinous residues o'btained by 
the heat distillation of said partially hydrogen- 
ated reaction masses, said partially hydrogenated 
products having saturated with hydrogen to the 
40 extent of approximately 15%-65% the normally 
present carbon fo carbon double bonds in said 
products before hydrogenation. 
3. A novel composition of matter comprising a 
substantially solid and infusible resin produced 
45 by heat curing a thickened product defined in 
claire 2. 
4. A novel composition of marrer capable of 
being heat converted fo the substantially solid 
and inïusible state comprising a mixture of a di- 
50 furfuryl ketone being saturated with hydrogen to 
the extent of approximately 15%-65% of the car- 
bon to carbon double bonds thereof and an acidic 
agent, the pli of said mixture being in the range 
of .3 fo 4. 
55 5. A novel composition of marrer comprising a 
mixture of an acidic agent and a partially hy- 
drogenated organic reaction mass, said mass be- 
lote hydrogenation having a viscosity of ai least 
6O 50 cp. at 25 ° C. and produced by reacting under 
alkaline conditions furfuraldehyde and a ketone 
having two hydrogen atoms on an alpha carbon, 
the pli of said mixture being in range of .3 fo 4, 
said partially hydrogenated reaction mass hav- 
65 ing saturated with hydrogen to the extent of 
approximately 15%-65% the normally present. 
carbon to carbon double bonds in said reaction 
mass belote hydrogenation. 
6. A novel composition of marrer as defined in 
0 claoEm 2 and in which the ketone is acetone. 
7. A novel composition of matter as defined in 
claire 2 and in which the ketone is methyl ethyl 
ketone. 
8. A novel composition of marrer as defined in 
75 claire 2 and in which the ketone is mesityl oxide. 



9. The method comprising with the aid of heat 
thickening a partially hydrogenated product in 
the presence of an acidic agent in amount sufiï- 
cient to impart a pli of .3-4 to a mixture of said 
product and agent, said product beïore thicken- 
ing having a viscosity of no greater than 50% of 
that oï the thickened product at 25 ° C. and select- 
ed from the group consisting of («) partially hy- 
drogenated mono-furïuryl ketcne, (b) partially 
hydroginated di-furfuryl ketone, (c) partially 
hydrogenated organic reaction masses, said re- 
action masses belote hydrogenation having a vis- 
cosity of ai least 50 op. at 25 ° C. and produced by 
reacting undir alkalini conditions furfuralde- 
hyde and a ketone having two hydrogen atoms 
on an alpha carbon, (g) resinous residue obtainid 
by thi hiat distillation of said partially hydro- 
genated reaction masses, said partially hydro- 
genated products having saturated with hydrogen 
fo the extent of approximately 15%-65% the ner- 
mally present carbon to carbon double bonds in 
said products belote hydrogenation. 
10. The method comprising heating a mixtm'e 
of a partially hydrogenated product and an acidic 
agent in amount suflicient to impart a pli of 2-3.5 
to a mixture of said product and agent, said 
product selected from the group consisting of 
(«) partially hydrogenated mono-furfuryl ke- 
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tone, (b) partially hydrogenated di-fuffuryl ke- 
tone, (c) partially hydrogenated organic reaction 
masses, said reaction masses before hydrogena- 
tion having a viscosity of at least 50 op. at 25 ° C. 
5 and produced by reacting under alkaline condi- 
tions furfuraldehyde and a ketone having two hy- 
drogen atoms on an alpha carbon, (g) resinous 
residues obtained by the heat distillation of said 
partially hydrogenated reaction masses, said par- 
10 tially hydrogenated products having saturated 
with hydrogen fo the extent of approximately 
15%-65% the normally present carbon te carbon 
double bonds in said products before hydrogena- 
tion, said hiating continued until an exothermic 
15 reaction ensues, and allowing said reaction te 
proceed until the desired viscosity is attained. 
11. A novel composition of matter capable of 
being converted to the substantially selid and 
infusible state comprising a mixture of a quantity 
20 of a mono-furfuryl ketene being saturated with 
hydrogen fo the extent of 15%-65% of the car- 
bon fo carbon double bonds thereof and an acidic 
agent, the pli of said mixture being in the range 
of .S te 4. 
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